Medical research as a component of undergraduate medical training is a very crucial aspect that has the potential of developing certain skills in students. These skills would serve as a means of improving the standard of healthcare that the students deliver after graduation by means of the generation of new scientific findings and introduction of good clinical practice. [1, 2] Clinicians who are engaged in research in the field of medicine are often referred to as physician-scientists.
Medical research as a component of undergraduate medical training is a very crucial aspect that has the potential of developing certain skills in students. These skills would serve as a means of improving the standard of healthcare that the students deliver after graduation by means of the generation of new scientific findings and introduction of good clinical practice. [1, 2] Clinicians who are engaged in research in the field of medicine are often referred to as physician-scientists. [3] The literature suggests that there has been a steady decline in the number of physician-scientists worldwide, who are very difficult to replace. Some of the reasons for this decline have been attributed to the absence of good training programmes, unattractive careers in clinical research, and inadequate exposure to research at an early stage of the medical curriculum. [3] [4] [5] The need for more physicianscientists has resulted in the rapid expansion of medical research-related courses at several medical schools. This trend should expose undergraduate medical students to medical research-related courses at an early stage in their medical education, with emphasis on acquisition of skills, knowledge and attitudes rather than factual learning. All these would lead to students developing the habit and skills of active inquiry, which are inculcated for life. [4, 6, 7] Furthermore, various studies have shown that medical students who were enthusiastic about medical research during training developed an interest in research after graduation. These doctors most likely fill the void of physician-scientists in the future. [2,4.8] Courses in evidence-based medicine, which are crucial in clinical practice, have also been introduced into the medical curriculum, together with epidemiology, research methods and journal article critique at some South African (SA) universities. [9] [10] [11] These courses have been shown to improve students' competencies at undergraduate level. [9] [10] [11] According to the literature, there is sufficient evidence that medical curricula in SA medical schools have been through significant renewal in the past decade. [7, [9] [10] [11] [12] Some of the outcomes include the early exposure of students to medical research as part of the modernisation of the undergraduate medical curriculum. [7] There is a strong indication that the quality of doctors would be highly influenced by this renewed curriculum. [7, 13] Despite all the recent innovation regarding medical curricula in SA, a review of the literature showed very little information on the knowledge and attitudes of medical students in sub-Saharan Africa towards medical research. Therefore, this study was designed to describe the knowledge and attitudes of a sample of undergraduate medical students at a SA university with regard to medical research.
Research approach in the teaching and learning of undergraduate medical students. The CBL approach as an educational strategy adopted at SMU stresses that students develop lifelong self-directed learning skills, construct an extensive and flexible knowledge base and effective problem-solving skills. Various aspects of research and measurement skills are taught from the first to the sixth year of study. This gives the students the opportunity of being exposed to courses in research methods, referencing styles, epidemiology, evidencebased medicine and clinical audits and how to critique scientific journal articles. The introduction of these skills is in line with new trends in medical education worldwide as a response to the abovementioned decline in the number of physician-scientists. [3, 5, 7] 
Sampling
The researchers sampled the third-and fourth-year students owing to their accessibility and attributes; they had already been exposed to some of the research and measurement skills in their previous years of study. Nonprobability sampling was deemed feasible because the first-and second-year students were being taught courses on which the study questionnaires were based and were therefore not suitable. The fifth-and sixth-year students were in their clinical rotations in different training settings; therefore, it would have been difficult to do a cross-sectional study involving them. At the time of the research there were ~500 medical students in both the third and fourth years of study. Convenience sampling was used for an equal number of participants from both classes; the data were not contaminated. The prevalence of adequate knowledge was estimated at 50% or 0.5, with an absolute error of 0.05. A total of 218 students were required based on finite correction. A ~5% non-response rate was added, making the final sample 230 students.
Data collection
A self-administered closed-ended questionnaire was designed after a thorough literature review. It had been pre-tested in 10 medical students in their fifth year of study, who were not part of the final participants selected for the study, and subsequently amended for both clarity and content validity. The fifth year was used for this purpose, because convenience sampling was to be used during data collection and the researchers did not want to contaminate the data. It would have been difficult to exclude third-or fourth-year students during data collection. The questionnaire contained information with regard to knowledge and attitude of medical students towards medical research. Data collection was done in mid-April 2017 during lectures, when the majority were in attendance. Questionnaires (n=115) were handed out at each class, i.e. a total of 230. These were distributed to all consenting students who were present at class lectures; no randomisation was done. The researchers handed out 115 questionnaires to students, which they returned after completion.
Ethical approval
Ethical approval was obtained from the SMU Research and Ethics Committee (ref. no. SMUREC/M/186/2016) and all the participants gave signed, written informed consent before participating in the study.
Study variables
Demographical data, such as age, gender and prior research experience, were collected. Knowledge of medical research was measured using a 15-item multiple-choice questionnaire. Each question had 5 options and 1 correct answer (A -E). The attitude towards research was assessed with a 10-item scale with 3 options, i.e. 'yes' , 'no' or 'undecided' . Examples of questions are as follows: 'Do you feel confident in interpreting a medical research article?'; and 'Do you think that medical research ethics is relevant and important?'
Statistical analysis
All the returned questionnaires, except 2, were completed, which were returned almost blank, with the respondents completing only the demographic data. These 2 questionnaires were excluded from the rest and a total of 228 questionnaires were collated, captured and analysed. The collected data were cleaned, checked for errors and captured onto an Excel spreadsheet initially. The data were subsequently analysed using Epi Info (Centers for Disease Control and Prevention, USA). Descriptive statistics were done, and data were presented using frequencies, means, standard deviations, proportions and percentages, as appropriate. The assessed students' knowledge of medical research was analysed and compared across age, gender, prior research experience and ability to interpret a journal article. The χ 2 test was used to assess the association among the variables and a critical p=0.05 was regarded as statistically significant.
Results
The mean age of the 228 participants was 22.7 (standard deviation (SD) 2.55) years, mode was 20 years and median was 22 (range 19 -36) years. As shown in Table 1 , in terms of gender distribution, 77 (33.8%) were male and 151 (66.2%) were female. Table 2 indicates the response of medical students to knowledge of medical research. The mean score on the 15-item questionnaire that assessed research knowledge was 73%, while the expected average score for each question was 70%. Therefore, if the participants' mean score was >70% in any of the 15 questions, it is described as having good knowledge of that question. The result indicates that participants performed well in 10 of the 15 questions (i.e. scored >70%). They performed poorly in the question regarding the best study design that allows for causality; the correct answer was a randomised controlled trial (˂10% of participants answered the question correctly). The other question where the participants did not do well was to differentiate various types of observational studies -˂50% answered this correctly. Table 3 depicts the students' responses to their attitudes toward medical research. In most cases the majority agreed that the inclusion of research article critique skills in the medical curriculum is important (91%); evidence-based medicine is relevant and important (91%); and medical research ethics is relevant and important (94%). 
Research
The mean scores on research knowledge of the third-and fourth-year medical students were compared; there was no statistically significant difference (p>0.05). The average score on research knowledge was 73.4% and 72.6% (p>0.05) for third-and fourth-year students, respectively. Table 4 shows the segregation of participants with a positive attitude towards medical research. There were no major differences between the third-and fourth-year students across the questions that assessed their attitudes towards research, except in the area of research exposure, where 54% of fourth-year students and 46% of third-year students had previous experience. The χ 2 test of association was applied to some of the variables to establish whether there is an association between them, but there was no statistically significant association between age and ability to interpret medical research (χ 2 =10.6; p=0.10), between gender and ability to interpret medical research (χ 2 =2.9; p=0.24), between gender and having previous research experience (χ 2 =1.71; p=0.42) and between having previous research experience and 
Discussion
This study showed that the participants had a good knowledge of medical research, which differs greatly from similar studies among Pakistani and Croatian medical students, where the mean score on medical research knowledge was poor. [4, 15] However, the medical students in both studies showed a positive attitude towards medical research. [4, 15] In another SA study, the majority of medical students also demonstrated a positive attitude towards medical research, and almost the same proportion of these participants and those in the current study had similar research experience. [6] One would have expected the fourth-year students to have a higher average score than those in their third year, but the current study revealed otherwise. The reason could be that the third-year students might have found it easier to recall the answers to some of the questions on research knowledge than those in the fourth year. The questions on medical research were based on medical research-based courses, which are offered in the first and second year of study at SMU.
Having previous research experience was found to be associated with the ability to interpret medical research; this is highly suggestive of the assertion that students who had prior research experience are better placed to understand the concepts of medical research than others. The association between age and having previous research experience points to older students being likely to have had previous research experience.
As mentioned above, there is growing concern globally among clinical scientists about the dearth of physician-scientists, who are saddled with the responsibility of generating new clinical knowledge that we use in the practice of medicine through cutting-edge research. [3, 7] The consequences for clinical practice would be lack of quality research, which is necessary for the delivery of evidence-based medical care. [5, 7] Fortunately, a good number of medical schools have already responded to this with the early introduction of research courses into their medical curriculum, together with encouragement of student participation in research activities during their medical training. [7, [9] [10] [11] All of this is done to foster favourable attitudes towards medical research among students. [3, 6, 7, [9] [10] [11] Anecdotal evidence suggests that this innovation has improved knowledge and attitudes of students regarding medical research significantly, as shown in the current study. [9] [10] [11] Furthermore, earlier studies that attempted to determine the level of knowledge and attitudes of medical students towards research revealed that students who have been involved in research activities performed academically well during their postgraduate studies. [4, 7, 13] Therefore, medical research forms an important aspect of undergraduate medical education that is highly relevant to any doctor who seeks to practise medicine, where there is an ever-increasing body of information in the field of medicine globally. [3, 7] Having a good grasp of scientific methodology is vital to future doctors, who have to understand the principles of scientific research, develop skills necessary to collect data, and analyse and subsequently disseminate knowledge in a form of a research article in a peer-reviewed journal. [7, 8, 11, 16] Furthermore, the vast amount of available information in various medical disciplines implies that these future doctors need to be able to evaluate and critique medical research articles to apply best evidence in their clinical practice, as informed by research. [7, 13] As shown in our study, medical students have a positive attitude towards research, but very few are able to confidently interpret a research article at this stage. They were in third and fourth year at the time of the study -their performance will possibly improve as they proceed to fifth and sixth year. Therefore, their good knowledge and positive attitude are most likely a consequence of their early exposure to research-related courses.
Conclusion
Although very few of the students had research experience before entering medical school and a minority were fully confident of interpreting scientific journal articles, the majority agreed that undergraduate medical students should be involved in research activities. The research and measurement skills taught at an early stage of medical training are aimed at developing critical thinking and reasoning skills. [3, 7] It also enables them to develop a positive attitude towards medical research from a very early stage of their career, with the hope that some would become physician-scientists after graduation. [3, 7] In view of the abovementioned reasons, it is therefore important to inculcate critical thinking and a positive attitude towards research into medical students at an early stage in their training by a variety of research and measurement courses. [3, 7, 10, 13] Epidemiology, public health, health systems, research methods, evidencebased medicine and journal article critique are some of the research and measurement courses being offered at some of SA universities. [7, 9, [10] [11] [12] It is highly recommended that these form part of the undergraduate medical curriculum at all medical schools. Future studies into research and measurement skills knowledge among medical students are also needed, which should use a larger multicentred design and consider a longitudinal study that will measure variables over time.
Study limitations
Our study was limited by its cross-sectional design. Causation is difficult to establish in cross-sectional studies, and a longitudinal study could have allowed for the assessment of students' knowledge and attitudes over time. Recall or memory bias is a problem when outcomes being measured require that subjects recall past events. Often a person recalls positive events more easily than negative ones. This limitation was minimised by affording the participants enough time to recall information required to complete the questionnaires. The study was conducted in only one medical school; the findings should therefore be interpreted with caution in terms of generalising these to other medical schools.
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